Introduction
============

Pelvic organ prolapse (POP) is an extremely common condition affecting numerous females worldwide. According to data from the Women\'s Health Initiative, its prevalence in the general population was estimated at 41% ([@b1-br-0-0-736]). The etiopathogenesis of POP is complicated. There are several recognized risk factors responsible for the gradual development of POP, including age, hormonal status, previous surgical operations of the pelvis and abdomen, obstetric trauma, race, family history, chronic constipation and obesity ([@b2-br-0-0-736]--[@b9-br-0-0-736]). However, the exact pathophysiological pathways involved in this entity remain to be clarified. Connective tissue metabolism disorders may affect the supporting structures of the pelvic organs (e.g., ligaments) and have also been described as potential causes of POP ([@b10-br-0-0-736]).

Matrix metalloproteinases (MMPs) are a family of catabolic enzymes capable of breaking down collagen and other components of the extracellular matrix. Therefore, they can contribute to change of the clinical expression of a variety of diseases, such as breast cancer, ovarian neoplasms and pulmonary fibrosis ([@b11-br-0-0-736]--[@b14-br-0-0-736]). MMP-3 (alternatively known as stromelysin-1) is important in connective tissue remodeling. It primarily degrades collagen types II, III and IV ([@b15-br-0-0-736]), but also exerts a catabolic effect on other collagen types, elastin, gelatin and fibronectin ([@b16-br-0-0-736]). In addition, stromelysin-1 can induce the action of other MMPs ([@b17-br-0-0-736]). Therefore, MMP-3 is involved in various disorders, such as chronic heart failure, rheumatoid arthritis and abdominal aortic aneurysms ([@b18-br-0-0-736]--[@b20-br-0-0-736]).

Single-nucleotide polymorphisms (SNPs) are genetic sequence variations that can modify the expression of a gene when they occur in its regulatory areas, such as the gene\'s promoter ([@b21-br-0-0-736]). The gene that encodes the transcription of MMP-3 is located in position 11q22.3 ([@b22-br-0-0-736]). Insertion of an adenine (A) deoxyribonucleotide in the promoter of *MMP-3* gene at position −1612/−1617 upstream from the beginning of the transcription frame produces a sequence of six consecutive adenines (6A), while the other allele has only five (5A). The expression of the 6A variant promotes the connection of the repressor ZBP-89 with the *MMP-3* gene, whose expression is, thus, downregulated. As a result, there are three possible genotypes for each woman: 5A/5A, 5A/6A and 6A/6A ([@b23-br-0-0-736]).

A study by Skorupski *et al* ([@b24-br-0-0-736]) showed that the higher MMP-3 transcription rate in 5A/5A Polish females could induce a more rapid breakdown of the extracellular matrix and, consecutively, the clinical appearance of POP. The above authors concluded that certain SNPs of MMP-3 alone cannot increase the risk of POP and that only the 5A/5A and 5A/6A MMP-3 polymorphisms combined with a similar SNP for MMP-1 seem to increase a woman\'s possibility of developing POP. The aim of the present study was to investigate the association of *MMP-3* gene promoter SNPs alone with the risk of POP. The results showed there was no statistically significant difference between 5A/5A, 5A/6A and 6A/6A *MMP-3* gene promoter variants in the two study groups.

Materials and methods
=====================

### Sample selection

Approval for the study (ref. no. M-127/29-03-2012) was obtained from the Institutional Ethics Committee of the National and Kapodistrian University of Athens, Medical School (Athens, Greece). The study involved 160 Caucasian women, recruited between September 27, 2012 and February 24, 2014. These women were divided into the study and control groups (n=80 each). All 160 women provided written informed consent. The participants were referred from the Institutional Outpatient Urogynecology Unit and from the Institutional Gynecology Outpatient Clinic and were asked to participate in the present study following admission to the respective hospitals. The study group comprised 80 women with symptomatic POP \[Stages II, III or IV; POP quantification (POP-Q) system\] ([@b25-br-0-0-736]). The 80 patients underwent pelvic reconstructive surgical procedures the day after their participation in the study. The control group included 80 women without significant support defects (Stages 0 or I; POP-Q system). All 80 women included in the control group underwent total abdominal hysterectomy, mainly for symptoms related to the presence of uterine myomas, such as pelvic pain. The control group (the women who underwent total abdominal hysterectomy for reasons different from uterine myomas) had their uterus removed for a variety of etiologies, such as chronic repetitive dysfunctional uterine bleeding. No statistical difference (P\>0.05) was observed between the two groups with regard to parameters including age, body mass index (BMI), positive family history for POP, past pelvic and/or abdominal operations, gravidity, parity, number of live births, neonatal weights, delivery modes, obstetric injuries, manual profession, smoking, chronic cough, chronic constipation, and age of menopause ([@b2-br-0-0-736]--[@b5-br-0-0-736],[@b7-br-0-0-736],[@b8-br-0-0-736],[@b26-br-0-0-736]). The severity of the participants\' pelvic organ prolapse was assessed during their preoperative evaluation, together with obtaining an extensive medical, surgical, gynecologic and obstetric history. Additionally, each woman underwent the same diagnostic routine, which involved measurement of the parameters mentioned below with the use of the appropriate electronic devices: systolic and diastolic blood pressure via upper arm digital sphygmomanometer (BP A100 Plus; Microlife AG, Widnau, Switzerland), heart and respiratory rate, oxygen saturation via pulse oximetry, axillary temperature (Tm), height and body mass for BMI calculation, general physical examination, bimanual pelvic examination with POP-Q grade evaluation and routine biochemical tests from venous whole blood samples. Any subjects with malignant neoplasms, autoimmune disorders, chronic inflammatory conditions (e.g., rheumatoid arthritis and ulcerative colitis), joint and bone diseases and any other life-threatening or serious disturbances were excluded from the study, as the levels of MMP-3 expression in their body may be attributed to one of the aforementioned conditions and, therefore, alter the effect of POP alone on the basis of MMP-3 levels ([@b19-br-0-0-736],[@b27-br-0-0-736]). Each woman was characterized by an Arabic number (from 1 to 80) and capital letter 'A' (study group) or 'B' (control group).

### Laboratory analysis of blood samples

After signing the informed consent form, 5 ml of whole venous blood were drawn from the median cubital vein of the participants 16 h prior to surgery and collected into 10 ml large tubes with K2-EDTA spray-dried anticoagulant. Each sample tube was clearly labeled with the appropriate number-letter combination that characterized each woman. Only the first author (C.K.) was aware of the exact number-letter combination for each subject. Immediately after drainage, the blood samples were quickly transferred to the Molecular Biopathology Unit of the Institutional Biopathology Department, which is located at the basement of the building where the participants were hospitalized. The third and fourth authors (G.K. and S.D.) carried out the sample analysis. Nucleic DNA was extracted from white blood cells with the aid of a special kit (High Pure^®^ PCR Template Preparation kit; Roche Diagnostics GmbH, Mannheim, Germany) and stored without other biomaterials in a special refrigerator at −20°C until further use.

The *MMP-3 gene* promoter variants were determined using hot-start quantitative polymerase chain reaction (qPCR) in LightCycler^®^ PCR platforms, using the technique of sequence-specific hybridization probe binding assays. LightSNiP^®^ assays (TIB MOLBIOL GmbH, Berlin, Germany) and LightCycler^®^ FastStart DNA Master HybProbe (Roche Diagnostics GmbH) were used for the reaction. The former is a special mixture of primers and fluorescent probes (primer 1, primer 2, 3′-FL HybProbe and 5′-LC HybProbe), which is used for the identification of point mutations, such as SNPs, provided that the reference SNP ID number (rs) of the SNP is known. The rs for the insertion of an adenine (A) deoxyribonucleotide in the promoter of the *MMP-3* gene at position −1612/−1617, upstream from the beginning of the transcription frame was *3025058* ([@b28-br-0-0-736]). The latter was a hot-start reaction mix for sensitive PCR applications in LightCycler^®^ capillaries, using HybProbe probes as a detection format. It is a master mix for performing SNP detection. This kit contains all necessary reagents \[LightCycler^®^ FastStart enzyme, LightCycler^®^ FastStart reaction mix HybProbe, MgCl~2~ stock solution (25 mM) and water (PCR grade)\]. However, the exact sequences of primers and exact sequences of the probes was unavailable, due to patent and marketing policies of TIB MOLBIOL GmbH. Further technical details for the preparation of PCR are provided in [Tables I](#tI-br-0-0-736){ref-type="table"} and [II](#tII-br-0-0-736){ref-type="table"}. Determination of each woman\'s genotype was based on the fact that each DNA fragment\'s melting Tm was specific for only one of the *MMP-3* gene promoter variants ([Fig. 1](#f1-br-0-0-736){ref-type="fig"}). As a result, 5A/5A women had a slightly higher melting Tm peak than the 6A/6A women, while heterozygotes (5A/6A) had a bimodal (i.e., with two peaks) melting Tm curve.

### Statistical analysis

The statistical analysis of the sample\'s various parameters which were possibly associated with prolapse was carried out by GraphPad Prism^®^ v.7 and GraphPad InStat^®^ v.3 (GraphPad Software Inc™, San Diego, CA, USA). The comparison of the various allele frequencies between patients and control subjects was performed using the Chi-square test for independence in a 3×2 contingency table. The quantitative variables of the present study, including age, number of past surgical operations in the pelvis and/or abdomen per female, gravidity, parity, live births, neonatal weights, normal deliveries, operative vaginal deliveries, cesarean sections, and menopause age, did not follow the Gaussian distribution, because either one or both groups failed to pass the Kolmogorov-Smirnov normality test. Therefore, the non-parametric Mann-Whitney U test was used for the differences of means and medians. The possible statistical significance between the remaining (categorical) variables, including obesity, positive family history for POP, obstetric injuries, manual profession, smoking, chronic constipation and chronic cough, and POP was tested using the Chi-square test ([Tables III](#tIII-br-0-0-736){ref-type="table"} and [IV](#tIV-br-0-0-736){ref-type="table"}). The level of significance was set to P\<0.05.

Results
=======

### Clinical characteristics of patients and controls

[Tables III](#tIII-br-0-0-736){ref-type="table"} and [IV](#tIV-br-0-0-736){ref-type="table"} show many clinical characteristics of the study and control group women and provide a concise review of the relevant statistical analysis. There was no statistically significant difference between the two groups with regard to age, BMI, positive family history for POP, past pelvic and/or abdominal operations, gravidity, parity, number of live births, neonatal weights, delivery modes, obstetric injuries, manual profession, smoking, chronic cough, chronic constipation, and age of menopause (P\>0.05). This result was expected, because group B women were frequency-matched to group A women on the above factors, which are generally regarded as predisposing to POP.

### MMP-3 gene promoter variants

The blood samples were successfully analyzed for the −1612/−1617 *MMP-3* gene promoter SNPs. After qPCR and hybridization analysis, each subject was classified into three genotypes: 5A/5A, 5A/6A and 6A/6A. The frequencies of the various *MMP-3* gene promoter SNPs followed the Hardy-Weinberg Principle (P=0.21\>0.05 for the study group, P=0.9\>0.05 for the control group and P=0.4\>0.05 for all the participants. Further analysis data on checking Hardy-Weinberg equilibrium are not shown in favor of simplicity ([@b29-br-0-0-736]). [Table V](#tV-br-0-0-736){ref-type="table"} shows the frequencies of 5A/5A, 5A/6A and 6A/6A alleles in women with and without POP. According to the result of the Chi-square test for independence with two degrees of freedom (Chi-square=1.49), there was no statistically significant difference between the two female groups and the three polymorphisms (P=0.48).

Discussion
==========

The transcriptional activity of several MMP-encoding genes can be altered by various genetic polymorphisms in their promoter regions ([@b30-br-0-0-736]). A lower promoter activity of the *MMP-3* gene is occasionally detrimental; for example, in patients suffering from cutaneous malignant melanoma ([@b31-br-0-0-736]). However, it may be favorable in other conditions, such as POP ([@b24-br-0-0-736]). In a recent study by Goncalves *et al*, it was shown that 'high plasma levels of MMP-3 were associated with lower plaque elastin content' ([@b32-br-0-0-736]). Therefore, a higher *MMP-3* gene expression potentially decreases elastin concentrations in human body tissues, such as pelvic floor supporting structures (i.e., ligaments and fascia). Thus, a small transcriptional rate of the *MMP-3* gene due to lower promoter activity may minimize the potentially harmful effect of MMP-3 on the aforementioned structures and reduce the risk for POP.

The findings of Skorupski *et al* ([@b23-br-0-0-736]) showed that, the −1612/−1617 insA SNP produces variants of the *MMP-3* gene with clinical interest. Females with the 5A/5A genotype have the greatest transcription level, while 6A/6A women have the lowest transcription level. The abovementioned authors examined the possible combined effect of these SNPs on the female pelvic floor with the 1G/1G, 1G/2G and 2G/2G polymorphisms at position −1607/−1608 upstream from the start of the *MMP-1* gene transcription frame. It was found that, not only is the *MMP-1* gene closely located to the *MMP-3* gene ([@b30-br-0-0-736]), but MMP-3 can also activate proMMP-1, which increases the effect of MMP-1 on pelvic floor tissues ([@b24-br-0-0-736]). As a result, authors of that study concluded that 'it is possible that to become clinically evident the biological effect of the 2G/2G MMP-1 variant has to be enhanced by the 5A/5A or the 5A/6A MMP-3 SNP' and that 'the 6A/6A variant seemed to play a protective role in POP only in conjunction with the 2G/2G MMP-1 genotype'. However, the SNP distribution in that study was not in Hardy-Weinberg equilibrium.

The present study focused solely on MMP-3 SNPs in order to shed further light exclusively on the possible influence of the particular enzyme on the pelvic floor supporting tissues. The results, which were based on an SNP distribution in compliance with the Hardy-Weinberg equilibrium, showed no statistically significant difference in genotypes and allele frequencies, and of MMP-3 −1612/−1627 insA polymorphism (rs 3025058). Our results are in agreement with those of Ferrari *et al* ([@b21-br-0-0-736]) and Skorupski *et al* ([@b24-br-0-0-736]). However, they do not provide sufficient evidence to recognize the above SNP of the *MMP-3* gene promoter as a potential genetic risk factor for POP. Additionally, the study sample was relatively limited, and consequently our results need to be tested in comparison with more thorough findings obtained from larger groups.

In conclusion, the results of the present study, although based on a relatively small sample size, show that the SNPs of the *MMP-3* gene promoter alone are not statistically associated with the risk of POP. Future studies based on larger samples may provide further power to the above results and shed more light on the potential genetic mechanisms involved in POP.
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###### 

Preparations and settings for the polymerase chain reaction.

  Preparation of the reaction mix                                          Instrument settings
  ------------------------------------------------------------------------ --------------------------------
  Reaction mixture: 20 µl                                                  LightCycler^®^ 480 Instrument
  H~2~O: 10.4--14.4 µl                                                     Block type: 384 or 96
  Reagent mix: 1 µl                                                        Detection format: Simple probe
  FastStart DNA Master^[a](#tfn1-br-0-0-736){ref-type="table-fn"}^: 2 µl   
  MgCl~2~ (25 mM): 1.6 µl                                                  
  DNA: 1--5 µl (\~50 ng)                                                   LightCycler^®^ 480
                                                                           Instrument I: 483--533
  Final MgCl~2~                                                            LightCycler^®^ 480
  concentration: 3 mM                                                      Instrument II: 465--510

LightCycler^®^ FastStart DNA Master HybProbe (Roche Diagnostics GmbH).

###### 

Programming parameters for the LightCycler^®^ 480 Instrument.

                                           Cycling (quantification)   Melting                                          
  ------------------------------- -------- -------------------------- --------- -------- -------- ------- ------------ --------
  No. of cycles                     1      45                         45        45         1        1       1          1
  Target (°C)                     95       95                         60        72       95       40      75           40
  Hold                            10 min   10 sec                     10 sec    15 sec   30 sec   2 min     0          30 sec
  Ramp rate (°C/sec), 384-wells   4.6      4.6                        2.4       4.6      4.6        2     --             2
  Ramp rate (°C/sec), 96-wells    4.4      4.4                        2.2       4.4      4.4      1.5     --           1.5
  Acquisition mode                None     None                       Single    None     None     None    Continuous   None
  Acquisitions (per °C)           --       --                         --        --       --       --        3          --

###### 

Characteristics and statistics of the study and control groups.

  Variables                              Control group          Study group            Total       Statistics
  -------------------------------------- ---------------------- ---------------------- ----------- -------------------
  No. of patients                          80                   80                     160         
  Age (years)                                                                                      
    Mean                                       64.53                  63.23                        P=0.23
    SD                                           8.85                 10.95                        
    95% CI                               62.55--66.5            60.78--65.67                       
    Min-max (median)                     35--80 (65)            43--89 (63)                        
  BMI, n (%)                                                                                       
    \<30 kg/m^2^                           55 (34)                57 (36)              112 (70)    
    ≥30 kg/m^2^                            25 (16)                23 (14)              48 (30)     
    Total                                  80 (50)                80 (50)              160 (100)   P=0.86
    Odds ratio (95% CI)                                                                            1.17 (0.57--2.22)
  Positive family history                                                                          
    Yes                                    34 (21)                46 (29)              80 (50)     
    No                                     28 (18)                52 (32)              80 (50)     
    Total                                  62 (39)                98 (61)              160 (100)   P=0.42
    Odds ratio (95% CI)                                                                            1.37 (0.72--2.6)
  Past pelvic and/or abdominal surgery                                                             
    Mean                                       0.84                   0.9                          P=0.24
    SD                                         0.67                     1.36                       
    No.                                  67                       72                   139         
    95% CI                               0.69--0.99             0.6--1.2                           
    Min-max (median)                       0--3 (1)               0--8 (1)                         
  Gravidity                                                                                        
    Mean                                       2.11                   1.83                         P=0.08
    SD                                         1.01                   1.01                         
    No.                                  169                    146                    315         
    95% CI                               1.89--2.34             1.59--2.07                         
    Min-max (median)                     0--5 (2)                 0--5 (2)                         
  Parity                                                                                           
    Mean                                       2.09                   1.9                          P=0.14
    SD                                         0.79                   0.06                         
    No.                                  159                    131                    290         
    95% CI                               1.91--2.27             1.75--2.04                         
    Min-max (median)                       1--4 (2)               1--3 (2)                         
  Live births                                                                                      
    Mean                                       2.11                   1.87                         P=0.1
    SD                                     1                      0.64                             
    No.                                  158                    131                    289         
    95% CI                               1.89--2.34             1.72--2.02                         
    Min-max (median)                       0--5 (2)               0--3 (2)                         
  Neonatal weights (kg)                                                                            
    Mean                                   3,373.06               3,331.15                         P=0.35
    SD                                         350.24                 413.4                        
    No.                                  158                    131                    289         
    95% CI                               3,318.3--3,427.8       3,260.3--3,401.9                   
    Min-max (median)                     1,400--4,300 (3,400)   1,600--4,980 (3,350)               

SD, standard deviation; CI, confidence interval.

###### 

Characteristics and statistics of the study and control groups.

  Variables                      Control group   Study group    Total               Statistics
  ------------------------------ --------------- -------------- ------------------- ------------
  Normal deliveries                                                                 
    Mean                                 1.76      1.49                             P=0.09
    SD                             1               0.8                              
    No.                          134             103            237                 
    95% CI                       1.54--1.99      1.29--1.69                         
    Min-max (median)             0--4 (2)        0--3 (2)                           
  Operative vaginal deliveries                                                      
    Mean                               0.18            0.06                         P=0.05
    SD                                 0.45            0.24                         
    No.                          14                4              18                
    95% CI                       0.08--0.29      0--0.11                            
    Min-max (median)             0--2 (0)        0--1 (0)                           
  Cesarean sections                                                                 
    Mean                               0.14            0.32                         P=0.36
    SD                                 0.39            0.76                         
    No.                            11              22             33                
    95% CI                       0.06--0.23      0.14--0.5                          
    Min-max (median)             0--2 (0)        0--3 (0)                           
  Obstetric injuries                                                                
    Mean                               0.09            0.09                         P=0.12
    SD                                 0.29            0.17                         
    No.                            7               2              9                 
    95% CI                       0.03--0.16      0--0.07                            
    Min-max (median)             0--1 (0)        0--1 (0)                           
  Manual profession, n (%)                                                          
    Yes                          27 (17)         16 (10)          43 (27)           
    No                           53 (33)         64 (40)        117 (73)            
    Total                        80 (50)         80 (50)          160 (100)         P=0.07
  OR (95% CI)                                                   2.04 (0.99--4.18)   
  Smoking, n (%)                                                                    
    Yes                          27 (17)         23 (14)          50 (31)           
    No                           53 (33)         57 (36)        110 (69)            
    Total                        80 (50)         80 (50)          160 (100)         P=0.61
  OR (95% CI)                                                   1.26 (0.65--2.47)   
  Chronic cough, n (%)                                                              
    Yes                          28 (18)         17 (11)          45 (28)           
    No                           52 (33)         63 (39)        115 (72)            
    Total                        80 (50)         80 (50)          160 (100)         P=0.08
  OR (95% CI)                                                   2 (0.99--4.04)      
  Chronic constipation, n (%)                                                       
    Yes                          27 (17)         18 (11)          45 (28)           
    No                           53 (33)         62 (39)        115 (72)            
    Total                        80 (50)         80 (50)          160 (100)         P=0.16
  OR (95% CI)                                                   1.76 (0.87--3.54)   
  Menopause age (years)                                                             
    Mean                               49.9            50.19                        P=0.54
    SD                                 3.31            2.84                         
    No.                            80              80           160                 
    95% CI                       49.16--50.64    49.56--50.82                       
    Min-max (median)             35--56 (50)     39--57 (50)                        

SD, standard deviation; CI, confidence interval.

###### 

Matrix metalloproteinase-3 (*MMP-3*) gene promoter single-nucleotide polymorphisms (SNPs) at position −1612/−1617 in women with pelvic organ prolapse and controls.

          SNP, no. of cases (%)                
  ------- ----------------------- ------------ --------------
  5A/5A   19 (11.89)              13 (8.13)      32 (20)
  5A/6A   34 (21.25)              39 (24.38)     73 (45.63)
  6A/6A   27 (16.88)              28 (17.5)      55 (34.38)
  Total   80 (50)                 80 (50)      160 (100)
